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Abstract 
During COP15, Parties agreed that reducing emissions from deforestation and forest degradation and enhancing 
“removals of greenhouse gas emission by forests” (REDD plus) in developing countries through positive incentives 
under the United Nations Framework Convention on Climate Change (UNFCCC) was capable of dealing with global 
emissions. As REDD plus seeks to lower emission from stopping deforestation and forest degradation, ecosystem-
based benefits also could be part of these efforts and significant opportunities for those benefits such as slowing 
habitat fragmentation, conservation of forest biodiversity, soil conservation, and water regulation may flow from the 
scheme of REDD plus. Our study aims to model carbon stock changes and forest fragmentation for REDD plus. Here 
we try to ‘piggyback’ forest fragmentation onto the scheme that will be required to measure forest carbon stock and 
emission reduction. The result shows that carbon stocks in study area experienced a dramatic reduction. In addition to 
such marked changes in carbon dynamics, forest delivered strong synergies in fragmentation and water erosion. As 
such mechanism to reduce emissions from deforestation and forest degradation, plus conservation of forest carbon 
stocks, sustainable management of forests and enhancement of forest carbon stocks are likely to present opportunities 
for multi benefits that fall outside the scope of carbon stocks. 
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1. Introduction 
During COP15, Parties agreed that reducing emissions from deforestation and forest degradation and 
enhancing “removals of greenhouse gas emission by forests” (REDD plus) in developing countries 
through positive incentives under the United Nations Framework Convention on Climate Change 
(UNFCCC) was capable of dealing with global emissions. Deforestation and forest degradation in tropical 
area can have significant negative impacts on forest ecosystem, leading to compositional changes in 
vegetation, loss of biological diversity, soil erosion, land degradation, habitat destruction, and water 
pollution. As REDD plus seeks to lower emission from stopping deforestation and forest degradation, 
ecosystem-based benefits also could be part of these efforts and significant opportunities for those benefits 
such as slowing habitat fragmentation, conservation of forest biodiversity, soil conservation, and water 
regulation may flow from the scheme of REDD plus. Those benefits would increase the resilience and 
reduce the vulnerability of indigenous people to climate change and extreme weather. 
Our study aims to model carbon stock changes and forest fragmentation for REDD plus, and to identify 
their relationship.  Here we ‘piggyback’ forest fragmentation monitoring onto the scheme that will be 
required to measure forest carbon stock and emission reduction [1]. Our results would provide insights on 
the nature and magnitude of REDD plus effect. 
2. Methods 
2.1. Research area 
Study area comprises 47940.75ha with about 22.5 km long and 21.5 km wide, locating in the north of 
Palangka Raya, central Kalimantan, Indonesia. The forest here is mostly heath forest, whereas peat 
swamp does occur in some areas. Some forests were destroyed due to a previous logging concession and 
fire in 1997. Illegal gold mining, rubber plantation and agriculture activities in recent years have caused 
problems in forest biomass, farming production, water quality and biodiversity. Kanninen, M. et al. [2] has
indicated that forest transition here is ‘Forest Frontier’, in which forest clearance will reach a maximum in 
the next 20 years and large plantation expansion is expected to occur.  
2.2. Mapping historical deforestation 
In order to map historical deforestation, Landsat images in 2005 and 2009 were classified into 6 land 
use classes: dense forest, peatland, sparse forest, cropland, road and water. According to FAO [3-4],
‘deforestation refers to a conversion of forest to other land use such as new agricultural land or 
unsustainable plantation, or a long-term reduction of the tree canopy cover. As such changes from dense 
forest, peatland and sparse forest were included in ‘deforestation’ category.  
The biggest challenge for identifying land use classes in study area resides in capturing the vegetation 
variability in dense forest, peatland, sparse forest and cropland. The development of vegetation indices 
from satellite image like NDVI has facilitated the difficulty to differentiate vegetation’s structure and 
composition through combination of its normalized difference formulation and use of the highest 
absorption and reflectance regions of chlorophyll [5-6]. This led us to utilize supervised classification 
method on combination of Landsat and NDVI data for delineating vegetation classes. 
2.3. Carbon emissions model 
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Two methods were combined to model carbon emissions: IPCC inventory method and Houghton’s 
book-keeping method. The methodology in IPCC guidelines [7] assumes that net emission equals carbon 
stock changes in the existing biomass between two time-series points. Such carbon stock is obtained 
through multiplying land area by representative value of carbon density in the corresponding ecosystem. 
According to IPCC, four carbon pools of C-above, C-below, C-dead and C-soil were used in this study. 
However only those needed were calculated, depending on their land use change categories (Tab. 1). 
Bookkeeping approach tracks vegetation carbon through initial loss, storage, decay, and regrowth using 
response curve in tropical forest [8-9].
According to IPCC guidelines the sign of C gains is always negative (-) and that from emission/losses 
positive (+). 
Table 1. Guidance to carbon pool selection depending on land use change (modified from Brown, S., F.)[10] 
Land-use change Biomass C-dead C-soil 
C-above C-below 
From forest to shrub forest  + + +  + +   
From forest to 
plantation/farming 
 + + +  + +  +  
From peat to 
plantation/farming 
 + + +  + +  +  
 + + + means ‘include always’, + + means ‘inclusion recommended’ and + means ‘inclusion possible’ 
2.4. Forest fragmentation model 
Landscape metrics measure the spatial structure of landcover metrics in terms of composition (number, 
proportional frequency, and diversity of landscape elements within the landscape) and configuration 
(spatial position and distribution of the elements within the landscape) [11]. A number of forest 
fragmentation metrics that describe the forest composition and configuration are listed as follows [12]:
Number of Patches (NP), Patch Density (PD), Largest Patch Index (LPI), Mean Area (AREA_MN), 
Mean Shape Index Distribution (SHAPE_MN), Area-weighted Mean of Shape Index Distribution 
(SHAPE_AM), Mena Euclidean Nearest-Neighbor Distance (ENN_MN) and Interspersion and 
Juxtaposition Index (IJI). 
Calculation of forest fragmentation metrics was undertaken using Fragstats, a model developed by the 
Department of Natural Resources Conservation, University of Massachusetts  [12]. This study mainly 
focused on the woody vegetation class including forest, peat and shrub forest and fragmentation analysis 
was performed on the land use maps of 2005 and 2009. 
3. Results 
3.1. Carbon emissions 
In 2005, forest covered 30,586 ha, or 63.8% of the total study area. During the period 2005-2009, 
intensified anthropogenic activities mainly aggregated in agriculture, rubber plantation and illegal mining. 
Land use maps derived from Landsat satellite images show a rapid decrease in forest area with an average 
annual change rate of 2.28%. Farming and plantation together revealed an increase of 2.25% annually 
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while road also increased in this period. With area increase of 4309 ha in 5 years, mostly due to 
conversion from sparse forest, farming and plantation were the dominant activities causing deforestation. 
Deforestation was distributed along rivers and roads, where human could reach easily. The total carbon 
storage shows a substantial decrease in the period under analysis. This is to be expected given the 
consistent reduction in the area of forest with larger biomass content. The results concerning carbon 
emissions, 1,471.3 thousand metric tons CO2 for 2005-2009, present a large carbon emission in recent 
years.
3.2. Forest fragmentation 
During the period 2005–2009, the NP substantially increased, suggesting the breaking up of vegetation 
areas into smaller parcels (from 52 to 68 patches) (Table 2).  This view that extensive land transformation 
occurred in the forest is further supported by the LPI, which was reduced from 66.45% to 29.73% of the 
landscape. The AREA_MN decreased from 639.72 to 449.8663. This indicates that forest patches 
increased and became less contiguous in distribution [13]. Regarding patch shape, SHAPE_MN of woody 
vegetation class for the 2005 and 2009 were greater than 1, indicating that the average vegetation patch 
shape in all landscapes in non-square. The 2009 patches (more fragmented) were slightly less irregular in 
shape that the 2005 patches (less fragmented). Measure of decreasing SHAPE_AM indicates increasing 
complexity and variability in patch shape, representing negative impacts on biological integrity. The 
ENN_MN for the 2005 and 2009 images decreased from 222.55m to 103.78m. These values indicate 
decreasing inter-patch connectivity due to fragmentation.  The 2005 image had higher IJI than the 2009 
image (27.84 as against 21.87) indicating that the vegetation patches in the former were well interspersed 
or equitably distributed among patch types (i.e. equally adjacent to each other). The 2009 landscape 
indicates more disproportionate distribution of vegetation patch adjacencies.  
Table 2Forest fragmentation metrics in 2005 and 2009 
Year NP(#) PD(#/100a) LPI(%) AREA_MN(
ha) 
SHAPE_M
N(-) 
SHAPE_A
M(-) 
ENN_MN(
m) 
IJI(%) 
2005 52 0.11 66.46 639.72 2.10 7.95 222.55 27.84 
2009 68 0.14 29.73 449.87 2.26 5.90 103.78 21.87 
During the period 2005–2009, the NP substantially increased, suggesting the breaking up of vegetation 
areas into smaller parcels (from 52 to 68 patches) (Table 2).  This view that extensive land transformation 
occurred in the forest is further supported by the LPI, which was reduced from 66.45% to 29.73% of the 
landscape. The AREA_MN decreased from 639.72 to 449.8663. This indicates that forest patches 
increased and became less contiguous in distribution [13]. Regarding patch shape, SHAPE_MN of woody 
vegetation class for the 2005 and 2009 were greater than 1, indicating that the average vegetation patch 
shape in all landscapes in non-square. The 2009 patches (more fragmented) were slightly less irregular in 
shape that the 2005 patches (less fragmented). Measure of decreasing SHAPE_AM indicates increasing 
complexity and variability in patch shape, representing negative impacts on biological integrity. The 
ENN_MN for the 2005 and 2009 images decreased from 222.55m to 103.78m. These values indicate 
decreasing inter-patch connectivity due to fragmentation.  The 2005 image had higher IJI than the 2009 
image (27.84 as against 21.87) indicating that the vegetation patches in the former were well interspersed 
or equitably distributed among patch types (i.e. equally adjacent to each other). The 2009 landscape 
indicates more disproportionate distribution of vegetation patch adjacencies. 
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3.3. Relationship between carbon emissions and forest fragmentation 
Percentage changes could provide consistent and comparable measures of carbon emissions and forest 
fragmentation. The result shows that the percentage changes between 2005 and 2009 in carbon stocks and 
forest fragmentation metrics. The percentage change in the carbon stocks is 11.9%. Such decrease was 
accompanied with 30.8% increase in NP, 30.7% in PD and 7.6% in SHAPE_MN, suggesting that forest 
ecosystem were changing on both carbon storage and forest landscape structure. Meanwhile LPI, 
AREA_MN, SHAPE_AM, ENN_MN and IJI decreased by 55.3%, 29.7%, 15.8%, 53.4% and 21.5% 
respectively. In this sense, carbon emission and forest fragmentation were well integrated.  
4. Conclusions 
The mapping and quantification of changes in the carbon storage and forest fragmentation of the 
Bawan village has yielded the information about forest state. Our result shows that the percentage change 
in the carbon stocks was 11.9%. In addition to such marked changes in carbon dynamics, forest in study 
area experienced a dramatic fragmentation. For instance, there was 30.8% increase in NP, 30.7% in PD 
and 7.6% in SHAPE_MN and LPI, AREA_MN, SHAPE_AM, ENN_MN and IJI decreased by 55.3%, 
29.7%, 15.8%, 53.4% and 21.5% respectively. These findings suggest that increasing emissions of CO2 
was accompanied with high fragmentation of tropical forests.  
Habitat fragmentation affects the ecology of tropical forests by changing the composition and 
configuration, leading to genetic isolation of plants and animal species, reducing genetic biodiversity of 
species [14].  For instance reduced dense canopy cover in tropical forest may usually result in greater 
mortality of drought-sensitive plants [15, 16]. When forests are lost or degraded, ecosystem-based benefits 
such as forest biological diversity they deliver would disappear with carbon they contain. Therefore 
REDD plus activities through retaining or restoring forest are likely to present opportunities for 
biodiversity by slowing habitat loss and forest fragmentation. 
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